Objective: To estimate the occurrence and to assess the determinants of posttraumatic stress disorder (PTSD) in flood victims.
T he world suffers from many natural disasters, which affect about 200 million people and kill several thousand each year (1) . A recent example is the tsunami and tremors that struck Indonesia, southern Thailand, and Sri Lanka on 26 December 2004, killing over 104 000 people in Indonesia and over 5000 in Thailand (2) . Similarly, Hurricane Mitch (which struck Nicaragua in 1998) directly affected 2 million people. Some 4000 died, and 500 000 were left homeless (3) . Flood is one of the most common and most severe forms of natural disasters, accounting for up to one-half of all natural disasters (1) . In China, natural disasters are frequent. A severe flood that struck China's Hunan province in 1998 and 1999 left hundreds of thousands of residents homeless. Much of the infrastructure and many agricultural projects were damaged as well.
Floods can lead to direct economic and property losses and result not only in physical injuries and deaths but also in psychological injuries. PTSD is a commonly used indicator to evaluate psychological injuries after disaster. Previous studies have assessed the impact of floods in terms of property loss, mortality, and morbidity (4). However, only a few such studies have reported PTSD in flood victims (5-7), and none are from China.
PTSD is a severe and complex disorder precipitated by exposure to a psychologically distressing event (8) . In the past decade, the study of PTSD has focused on traffic accidents (9,10), violent crimes (11), terrorist attacks (12) (13) (14) , hurricanes (3), earthquakes (15) , hijackings (16) , rapes (17) , and warfare (18) , with little attention being paid to flood. Our study aims to estimate the incidence of PTSD in flood victims and to assess risk factors for PTSD after a flood.
Methods

Study Area and Study Population
Victims who had been directly exposed to the 1998-1999 floods in Hunan, China, formed the target population. We used a multistage sampling method to select study subjects. In the first stage of sampling, we randomly selected 8 counties (7 with damage from soaking and collapsed embankments and 1 that experienced flash flooding) from 38 affected counties (of which 33 experienced damage from soaking and collapsed embankments and 5 experienced flash flooding). In the second stage of sampling, we randomly selected 40 townships (50%) from the 8 study counties. In the third stage of sampling, we randomly selected 310 villages (50%) from the study townships. Finally, we randomly selected 13 450 households (50%) from the study villages. All family members of the study villages who were aged 7 years or over were asked to participate.
Flooding was classified into 3 types: soaked flood, collapsed embankment, and flash flood. Flooding was also divided into 3 groups by severity: mild (affected area < 50%), intermediate (affected area 50% to 75%), and severe (affected area ³ 75%).
Ascertainment of PTSD and Collection of Demographic Data
Between January and May 2000, trained research assistants carried out face-to-face interviews (with on-site supervision by psychologists), using a preconstructed questionnaire. The sampled study subjects were interviewed to ascertain PTSD and to collect demographic data. The diagnosis of PTSD was made according to the DSM-IV (19) criteria, which include 17 symptoms scored as 0 = none, 1 = slight, 2 = moderate, 3 = severe, and 4 = extreme. Subjects whose score was equal to or greater than 2 were defined as positive. The 17 symptoms of PTSD were further divided into 3 groups, representing 3 diagnostic criteria: B, C, and D. Criterion B symptoms represent the reexperiencing cluster: B1, intrusive recollections; B2, repeated nightmares about floods; B3, acting as if the flood is occurring; B4, feeling worse when reminded of the flood; and B5, reactivity to flood reminders. Subjects were defined as positive if they showed one or more positive items in the B group. Crtierion C symptoms make up the avoidance cluster and include the following: C1, efforts to avoid thoughts or feelings associated with the flood; C2, efforts to avoid activities that arouse recollections of the flood; C3, amnesia in regard to the flood; C4, diminished interest; C5, detachment or estrangement; C6, restricted range of affect; and C7, sense of foreshortened future. Subjects were defined as positive if they showed 3 or more positive items in the C group. Criterion D symptoms make up the hyperarousal cluster: D1, difficulty falling or staying asleep; D2, irritability or anger; D3, difficulty concentrating; D4, hypervigilance; and D5, exaggerated startle response. Subjects were defined as positive if they showed 2 or more positive items in the D group. Subjects were given a diagnosis of PTSD if Criterion B, C, and D symptoms were all positive. We assessed all symptoms, including the time of the symptom occurrence and the duration of the symptom.
Data Analysis
We first described the characteristics of the study areas and study populations. We then compared the rates of PTSD among groups experiencing different flood types and severity levels, as well as among different sex and age groups. Adjusted ORs (95%CIs) for PTSD were estimated with multiple logistic regression models. PTSD was the dependent variable. Independent variables included in the initial regression model were sex and age of the study subjects and flood type and flood severity experienced. A stepwise procedure was used in the regression modelling process, with the entry threshold set at P = 0.05 and the exit threshold set at P = 0.10 for all variables. All analyses were performed with SPSS Version 11.0 (SPSS, Chicago, IL).
Results
A total of 8 counties, 40 towns, 310 villages, 13 450 households, and 38 760 individuals aged 7 years or older were selected for study. Of the 38 760 selected study subjects, 33 340 (86.0%) were interviewed: 14 349 (43.1%) from the flood-soaked group, 13 893 (41.7%) from the collapsed embankment group, and 5053 (15.2%) from the flash flood group. Table 1 displays details of the study areas and study populations.
A total of 2875 study subjects were diagnosed with PTSD, yielding an incidence of 8.6%. The flash-flooding areas had the highest rate of PTSD (16.8%), followed by areas of collapsed embankment (10.4%). The rates of Criterion B, C, and D syndromes were 22.4%, 13.3%, and 26.5%, respectively.
The risk of PTSD increased in female and older victims and in victims from collapsed embankment and flash-flood areas or from intermediately or severely affected areas ( Table 2 ).
Discussion
Our study ascertained PTSD from a sample of 33 340 flood victims (86.0% of the selected study subjects). The overall incidence of PTSD was 8.6%, and the occurrences for the 3 groups of symptoms (B, C, and D) were 22.4%, 13.3%, and 26.5%, respectively. To our knowledge, this is the largest study using a diagnosis of PTSD to assess the impact of floods on victims' psychological health.
PTSD is a common psychological disorder in disasteraffected populations. It has been widely used to evaluate the psychological impact of natural disasters, accidents, and war (9-18). The 8.6% PTSD rate found in the flood-affected victims observed our study was lower than that found by Wang and others among earthquake victims (24.2%) (15) or than that observed by Zhou and others among rock-fall victims (43%) (20) . Similarly, it was lower than that estimated by Liu and others for victims of traffic accident (38.27%) (9) . Differences in the nature and severity of different types of disasters, in populations studied, and in study methodology make it difficult to reconcile the results from different studies.
Our study found that the risk of PTSD was higher in female victims than in male victims. This finding is consistent with previous studies (21) (22) (23) (24) (25) and suggests that women may be more sensitive to the impact of flood than men. Our study also found that victims aged 18 years or over had higher PTSD rates than did victims under age 18 years. Several studies have also observed an increased risk of PTSD after natural catastrophes in victims aged 35 to 54 years (26) (27) (28) (29) . Possibly, the explanation for the observed association between age and PTSD is, again, that older victims are more sensitive than younger victims to floods or other natural disasters.
The associations between flood type and PTSD and flood severity and PTSD are expected and lend validity to our study findings. If floods cause PTSD, there should be a gradient of the relation from bad (soaked) to worse (collapsed 
Conclusion
Our large, population-based study suggests that PTSD occurs in about 8% to 9% of flood victims and that the risk of PTSD increases in female and older victims and varies by type and severity of flood.
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